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Conclusions: This study is to the authors’ knowledge the ﬁrst to identify
risk for incident symptomatic knee OA by subject-speciﬁc biomechanical
modeling. Using DEA was an efﬁcient means of estimating subject-
speciﬁc articular contact. The presence of differences in estimated con-
tact stress by imaging 15 months prior to diagnosis suggests a possible
biomechanical mechanism for the development of symptomatic knee OA.
Distribution of Articular Contact Stress.
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Purpose: To compare the frontal plane knee and subtalar joint loading
patterns in elderly females for characterization of the mechanical impli-
cations of differing radiographic grades of knee osteoarthiritis (OA).
Methods: Twenty-four subjects without knee OA (asymptomatic) and
19 age-matched subjects with symptomatic bilateral medial compart-
ment knee OA walked at a self-selected cadence. We conducted
three-dimensional motion analysis, femortibial angle measurement, and
radiological assessment with Kellgren-Lawrence (KL) grade. Three-
dimensional gait analyses were conducted with a motion analysis system
(Vicon 512 System) operating at 60Hz with 12 infrared cameras and 8
force platforms operating at 60Hz. We investigated frontal plane angles
and moments at the knee and subtalar joints, as well as moment arm of
the subtalar joint for less affected right legs only of asymtomatic subjects
and for more affected right or left legs of subjects with symptomatic knee
OA. Moments were derived using a three-dimensional inverse dynamics
model of the lower extremity. The average moments at the knee and
subtalar joints were equivalent to the division of the area under moment-
time curve and its time of application, respectively. Evaluations of the
average angles at the knee and subtalar joints, and moment arm of the
subtalar joint were performed by the same methods as for those applied
for the average moments at the knee and subtalar joints.
Results: Subjects with mild (KL grade 2) radiographic knee OA demon-
strated greater adduction moment (2.30%Bw×Ht, P =0.008) and angle
(3.4 degree, P =0.009) at the knee joint than the subjects without deﬁnite
evidence (KL grade 0 or 1) radiographic knee OA. In contrast, eversion
moment (1.11%Bw×Ht, P =0.015) and moment arm (P =0.037) at the
subtalar joint were smaller for subjects with mild (KL grade 2) radiographic
knee OA compared with subjects without deﬁnite evidence (KL grade 0
or 1) of radiographic knee OA. There was a stronger correlation between
the knee joint adduction moment and the subtalar joint eversion moment
in the subjects without deﬁnite evidence (KL grade 0 or 1) of radiographic
knee OA (r = 0.37, P =0.069) than in the subjects with mild (KL grade 2)
radiographic knee OA (r = −0.07, P =0.768), but these correlations did not
reach statistical signiﬁcance in either group.
Conclusions: Radiographic knee OA appears to be related to functional
gait alterations. Interventions for subjects with mild radiographic knee OA
should therefore be assessed for their effects of on subtalar joint as well
as knee joint during stance.
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Purpose: Studies of the cellular response of articular cartilage to impact
loading typically assume uniform stress distributions across a ﬂat im-
pactor face, and evaluate resulting cell viability changes as being uniform
within the impacted region. However, non-uniform stress and cell death
distributions have been suggested in recent experiments. The purpose
of this study was to develop a method to correlate the local variations
in impact stresses with the resulting distribution of cell death, toward
the goal of improved insight into the mechanisms that lead to cartilage
degeneration.
Methods: A drop tower was used to impact a specimen of bovine articular
cartilage and underlying bone with a brass impactor dropped from 54mm.
The impactor had a diameter of 6mm, with an edge radius of 0.5mm, re-
sulting in a nominal area of 28.27mm2. A drop mass of 0.73 kg was used,
resulting in an impact energy of 0.39 J. The osteochondral specimen
measured 25mm×25mm, with cartilage, subchondral, and cancellous
bone thicknesses of 2.47mm, 0.92mm, and 3.94mm, respectively.
Following impact, the cartilage was incubated for 3 hours, stained with
calcein AM and ethidium homodimer for 1 hour, then imaged with a
confocal microscope. The specimen was mounted on a custom-built XY
stage allowing for precise registration of images. 9 image stacks, from the
superﬁcial 200mm, were taken over the impact site, and reconstructed
into a composite view of the impact site (Figure 1). An image analysis
program (ImageJ) was used to calculate cell death fraction along a radial
path from the center of the impact.
Figure 1. Confocal microscopy image showing the distribution of live
(green) and dead (red) cells at the impact site.
An axisymmetric nonlinear contact ﬁnite element model of the impact
was created in ABAQUS Explicit. The impactor was modeled as a rigid
surface. The cartilage was modeled as a hyperelastic material (Ogden,
a=7.5, m =1MPa) with viscoelasticity (Prony series expansion, g1 = 0.75,
t1 = 0.001 s), a formulation previously validated. The cancellous and
subchondral bone were modeled with linear elastic moduli of 760.3MPa
and 5.7GPa, respectively, and Poisson’s ratios of 0.4. The specimen
thickness, impactor geometry, and impact energy corresponded to the
experimental test.
Results: Several stress measures were evaluated along the surface of
the FE model and compared to the cell death distributions from confocal
microscopy (Figure 2). An annular pattern was clearly visible in both the
stress and cell death distributions. Linear correlations with cell death
fraction for shear stress, normal stress, and hydrostatic pressure were
calculated to have R2 values of 0.378, 0.551, and 0.728, respectively.
Conclusions: The hydrostatic pressure can be interpreted as the ﬂuid
pressure in the cartilage during impact. Pressure’s high correlation with
cell death raises the possibility that chondrocytes are inﬂuenced by
changes in the surrounding ﬂuid environment as much as by perturbations
of the solid component of the extra-cellular matrix. Perhaps even more
